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Reported by JARL T. PAULS, 

Chief, Bituminous Section, 

and J. YORK WELBORN, 

Highway Physical Research Engineer 


BY THE PHYSICAL RESEARCH BRANCH 


The rate and amount of hardening of asphaltic materials is an important 
factor in the service behavior and life of bituminous pavements. 

This article describes several methods which can be used for evaluating the 
hardening properties of asphaltic materials. Two methods, the abrasion test 
and the weathering-strength test, were developed and used for evaluating the 
hardening properties of a large number of asphaltic materials. These methods 
of test are based upon the changes in the physical properties of standard sand- 
asphalt mixtures during exposure to heat and air. The thin-film oven test, 
developed by the Bureau of Public Roads some years ago, was also used to 
evaluate the hardening of these asphaltic materials. Comparisons of the results 
of the abrasion test, the weathering-strength test, and the thin-film oven test 
show that the rate and amount of hardening of asphaltic materials can be deter- 


mined by any of these methods. 


From this study it is concluded that: 

1. Asphalts differ in their hardening properties, depending on the source 
of the crude petroleum and the methods used in their manufacture. 

2. When subjected to weathering, cracked asphalts become hard and brittle 
more rapidly than do uncracked asphalts and also develop a higher degree of 
hardness and brittleness, the rate of hardening increasing with the degree of 


cracking. 


3. Increase in hardness of the asphalt as indicated by decrease in penetra- 
tion is accompanied by changes in other properties, such as increase in soften- 


ing point and decrease in ductility. 


4. Since the thin-film oven test produces changes in the asphalt comparable 
to those produced by the other test methods and since it is a more rapid and 
simpler test to make, it is more suitable for use as a specification test. 


MONG the many factors that may cause 
the failure of a bituminous pavement, 
the hardening properties of the bituminous 
material are highly important. A quantita- 
tive knowledge of the tendency of an asphalt 
to harden is one of the indispensable meas- 
ures in predicting the service behavior of 
a bituminous pavement. Investigations 
have shown that pavement failures increase 
when the penetration of the asphalt drops 
to certain critical values, which vary some- 
what depending upon such factors as cli- 
mate, flexibility of base and subgrade, and 
traffic conditions. 

The hardening of an asphalt, as shown 
by a drop in its penetration, is accompanied 
by changes in other properties-of the ma- 
terial. The test characteristics affected in- 
clude ductility, softening point, and the 
amount of material insoluble in selective 
solvents. Some of these properties often are 
altered to a greater degree than can be 
accounted for by the decrease in penetration 
alone. In this report the changes in the 
Properties of the asphaltic materials are 
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discussed mainly from the standpoint of 
the decrease in penetration induced by vari- 
ous weathering or exposure conditions. The 
discussion of other characteristics is sec- 
ondary, although they may be of equal or 
greater importance. 

Asphalt in thin films may harden very 
rapidly when subjected to high tempera- 
tures. In contrast to the normally slow rate 
of hardening of the binders that occurs in 
the finished pavement, the alteration in the 
test characteristics of asphalts that may 
occur under certain mixing and laying con- 
ditions may be striking. In fact, there are 
data that show that the loss in penetration 
occurring in the mixing and laying opera- 
tion may be greater than the loss subse- 
quently occurring in the pavement over 
a period of as much as 10 years after con- 
struction. 

In the mixing operation, because of the 
relatively large mass of the granular ma- 
terials, compared to the small mass of the 
asphalt, the temperatures of such materials 
at the time they are placed in the mixing 
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box have a greater effect than does the 
temperature of the asphalt. Heating as- 
phalts in a large mass, such as is done in 
storage tanks at the mixing plant, does not 
lower their penetration appreciably. It is 
only when the asphalt coats the hot stone 
particles as a thin film in the mixing box 
that the conditions most favorable to rapid 
hardening are obtained. : 

Present information indicates that aggre- 
gate temperatures lower than 300°F. at 
the time of mixing are not particularly 
damaging to the more normal asphalts. 
However, many asphalts are adversely af- 
fected at only slightly higher temperatures, 
with rapidly increasing loss in penetration 
occurring with increasingly higher tempera- 
tures. Even when precautions are taken to 
reduce the damage to the asphalts which 
occurs in the mixing operations, particularly 
by keeping the mixing temperature only as 
high as required to obtain a good coating 
of the stone particles, the amount of harden- 
ing of the asphalt occurring in the mixing 
and laying operations and in subsequent 
service may nevertheless differ widely for 
different asphalts, depending on the source 
of the crude petroleum from which the as- 
phalt is produced and the methods used in 
its refining. 


Conclusions 


From the studies made, it may be con- 
cluded that: 

1. This investigation substantiates the 
fact developed by previous investigations 
that the hardening of asphalts caused by 
weathering is evidenced by a decrease in 
penetration and ductility and an increase 
in softening point. 

2. Asphalts differ in their hardening prop- 
erties, depending on the source of the crude 
petroleum and on the method of refining. 

3. When subjected to weathering, asphalts 
that have been severely cracked in manu- 
facture harden and develop brittleness more 
rapidly and to a greater degree than those 
that are not cracked. The rate of harden- 
ing increases with the degree of cracking. 

4. The following tests have been found to 
be useful for obtaining a measure of the 
resistance of asphalts to heat or weathering 
as evidenced by rapidity and degree of 
hardening: 
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Table 1.—Source of crude and method of refining asphalt cements 
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Method of refining 





Reduction and steam. 
De. 


Do. 
Pipe still, vacuum. 
Do. 


Do. 
Shell still. 
Do. 


Do. 
Do. (highly cracked). 
oe panei process (highly cracked). 


Fire ee" steam (slightly cracked). 
Steam, Trumble pipe still (slightly cracked). 


Pipe still, vacuum. 

Air and steam (slightly cracked). 
Pipe stil!, vacuum. 

Vacuum at low temperature. 
Vacuum, 89 mp. flux. 


Fire and steam, probably blown. 
Flux 
Fluxed. 








(a) The abrasion test, in which resistance 
to abrasion of a standard asphalt mixture 
is inversely proportional to the hardness 
of the asphalt. 

(b) The weathering-strength test, in 
which increase in compressive strength of 
a standard asphaltic mixture is generally 
proportional to the hardness of the asphalt. 

(c) The Shattuck test, in which the hard- 
ness characteristics of the asphalt in a 
standard mixture are determined after the 
mixture has been exposed to heat in a stand- 
ard manner. 

(d) Outdoor exposure, in which the hard- 
ness characteristics of the asphalt contained 
in a standard asphaltic mixture are de- 
termined after exposure of the mixture to 
natural weathering. 

(e) The thin-film oven test, in which the 
hardness characteristics of the asphalt are 
determined after it has been exposed to 
heat in an oven. 

5. With: any of the above-mentioned 
methods of test the same degree of harden- 
ing can be obtained by varying the time or 
temperature of exposure. 

6. Of the test methods enumerated above, 
the thin-film oven test is the most suitable 
for use as a specification test because it 
requires the least amount of time, because 
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the hardening of the asphalt is measured 
directly (rather than indirectly as in the 
case of the abrasion test and weathering. 
strength test), and because the test does 
not require the extraction and recovery of 
the asphalt, as in the case of the Shattuck 
test and outdoor exposure tests, and thus 
eliminates any uncertainty regarding the 
effect of the recovery procedure on the 
characteristics of the weathered asphalt. 


Tests of Hardening Properties 


The standard test now used for determin- 
ing the hardening properties of asphalts 
is the test for loss on heating and the pene- 
tration test on the residue. In this test, 
a 50-gram sample of asphalt is placed in 
a metal container of such dimensions that 
the sample has a surface area of about 3.7 
square inches and a depth of about thirteen- 
sixteenths of an inch. The sample is heated 
in an oven at 325°F. for 5 hours, after 
which the percentage loss of material and 
the loss in penetration are determined. It 
is generally agreed that, because of the 
relatively large depth of the sample. with 
correspondingly small surface area, the con- 
ditions of this test are not sufficiently severe 
to evaluate the relative hardening proper- 
ties of asphalt. 

Another test of loss on heating is the thin- 
film oven test,’ which appears to be a very 
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HOURS WEATHERED IN OVEN AT 325° F. 


Figure 1.—Results of abrasion test on asphalt cements weathered at 325 °F. 
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1 Table 2.—Results of abrasion test on asphalt cements after oven weathering at 325° F. 
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satisfactory method for evaluating the study the effect of heat on asphaltic ma- which is similar to that developed by H. N. 
hardening properties of asphalts. In this terials by subjecting aggregate mixtures Hveem,’ and the weathering-strength test. 
— test a 50-milliliter (approximately 50 gram) containing these asphalts to some type of 
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HOURS WEATHERED IN OVEN AT 325° F. 
Figure 2.—Results of abrasion test on liquid asphalts weathered at 325°F. 


described in a paper presented at the meet- 
ing of the Association of Asphalt Paving 
Technologists: at St. Louis in 1950. The 
present paper includes the data from the 
original paper and also the results of addi- 
tional work done subsequent to that time. 

Essentially, the abrasion test consists of 
the determination of the loss in weight of 
an asphaltic mixture resulting from drop- 
ping a definite quantity of shot from a 
height of 1 meter onto the revolving hori- 
zontal surface of the weathered test speci- 
men. It is assumed that the amount of 
loss, from the abrasive action of the shot, 
is directly related to the hardness of the 
asphalt. 

In the California procedure developed by 
Hveem, molded mixtures of Ottawa sand 
and asphalt are weathered in a special 
weathering machine which employs an air 
temperature of 140°F. and direct rays of 
standard drying lamps, which emit the bulk 
of their energy in the infrared band. One 
cycle requires 5 hours of exposure and the 
complete test consists of nine cycles. In 
the Public Roads procedure, the test speci- 
mens are weathered in an oven at 325°F. 
for various periods of time from 15 minutes 
to 8 hours. 

The important difference between the 
Public Roads test and the California test 
is in the weathering of the specimens. 
Oven weathering at 325°F., the procedure 
used in this study, is more rapid and if, as 
is believed, it evaluates the hardening prop- 
erties of the materials properly, it has this 
advantage over the less severe and more 
time-consuming procedure used by Hveem. 

Another difference in procedure is in the 
temperature at which the specimen is held 
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while being tested. In the Public Roads 
laboratory the test is made at 77°F., where- 
as California uses 60°F. One would expect 
somewhat higher abrasion losses with the 
lower test temperature, other test condi- 
‘tions being the same. Exact control of the 
test temperature is most important in mak- 
ing this test because any change or dif- 
ference in temperature quickly affects the 
consistency of the asphalt film on the sur- 
face of the sand particles and, consequently, 
the abrasion loss. 

Abrasion losses were determined for oven- 
weathering periods ranging from 15 min- 
utes to 8 hours, and for longer periods in 
a few instances. Weathering at a tempera- 
ture of 325°F. for periods longer than 8 
hours appeared to have no particular value 
although, as would be expected, the abrasion 
loss increased with an increase in the dura- 
tion of the oven exposure. 

Uniform oven weathering of the test 
specimens was not obtained in the early 
test work. Using a forced-draft type oven, 
the degree of weathering was found to differ 
considerably depending on the position of 


the individual test specimen in the oven... 


This variation in weathering was largely 
eliminated by placing the test specimens 
in an oven pan slightly deeper than the 


WEATHERING IN OVEN 
HEAT -140°F. 


11- KENTUCKY — 


10-KAN.(POS.) 


18-VEN. 


400 100 200 300 400 


HOURS WEATHERING AT 140° F. 
Figure 3.—Results of abrasion test on asphalt cements weathered at 140° F. 
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Table 4.—Comparative abrasion losses of asphalt cements after weathering at low 
temperature in oven and in weatherometer at 140° F. 
Abrasion loss! after weathering at 140° F. for— 
Identification and source of asphalt 64. hours 192 hours 400 hours 
Weather- Weather- Weather- ; 
ometer Oven ometer Oven ometer Oven 

6 Foo Aa «aie saat 6: sraivns'8 ee LEE 1.79 0.43 1.85 0.48 2.07 0.54 

Bi TNS hate eve big sn wR igre Le eb bine .82 .14 1.09 .36 1.33 36 

Oo a Sat an oo: 4 ec rh be cas ate 1.45 es 1.63 .44 1.99 .61 
10. Kansas (highly ctacked)................ .94 .49 1,29 .30 1.43 .389 
11. Kentucky (highly cracked).............. 3.00 4.14 2.31 3.7 3.10 4.79 
13. Wyoming (slightly cracked)............. .62 .13 .93 .16 1.43 .19 
oe 7 Oe Bere ern 1.01 1.24 1.46 1.86 Cg See 
15. Mexican (slightly cracked) ............. 1.01 1.13 1.48 1.03 1.63 1.22 
17. Venezuela (slightly cracked)............ .37 Bs Ee 18 1.09 .25 
i J a leer Keele als’) cond bias ssid ace .42 .18 .66 24 97 .34 
S65 Tentueey OF MHNGIS... 6m. 0c. ess ie caes .85 1,24 1 | 1.28 1.62 1.62 





























ADS 


1 Loss in grams of mixture per 1,000 grams of shot. 


height of the specimens and covering the 
pan with a fine wire screen, thus reducing 
the air currents around the specimens. 
Very uniform weathering conditions were 
obtained by following this procedure. 

In order to make a direct comparison be- 
tween the result of slow and rapid weather- 
ing, two limited series of tests were made 


in which the weathering temperature was 


140°F. One of these utilized a conven- 
tional weatherometer with carbon-are 
lamps and controlled ventilators for main- 
taining the desired temperature, and the 
other series was weathered in an electric 
oven set to maintain a temperature of 140°F. 
The results of these comparative tests are 
included in this report. The details of the 
abrasion test are described on page 199. 


The Weathering-Strength Test 


The weathering-strength test developed 
and used in this study is based on the find- 
ings of previous investigations that the 
compressive strength on cylindrical speci- 
mens of bituminous mixtures, composed of 
Ottawa sand and asphalt, when tested in 
compression without lateral support, is pri- 
marily a measure of the cohesive strength 
of the asphalt, a property closely related 
to its penetration or hardness. Accordingly, 
the. test procedure consists of exposing 
molded cylindrical specimens of Ottawa 
sand and asphalt mixtures in an oven at 
325°F. for various periods of time and de- 
termining their compressive strengths. 

The difficulty of weathering molded cy- 
lindrical specimens of asphaltic mixtures 
at a temperature of 325°F. without having 
them deform was overcome by placing the 
test specimens in perforated oversize cans 
and filling the space between the specimen 
and the can with Ottawa sand. The support 
provided by the sand prevented the test 
specimens from deforming in all instances, 
even when weathering mixtures of low 
Strength such as those composed of liquid 
asphalts. The details of the weathering- 
strength tests are given on page 201. 

A considerable number of asphaltic ma- 
terials were tested by the abrasion test and 
by the weathering-strength test in this 
study. They cover a range in type, grade, 
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source, and method of refining. The source 
and method of refining are not known for 
a number of these materials and, in some 
instances, the only identification available 
is the location in which they were used. 
Table 1 lists the asphalt cements which 
were tested, with such information relative 
to the source of the crude and the method 
of refining as is available. 


Abrasion Test on Asphalt Cements 


Test results on the original asphalt ce- 
ments and the results of the abrasion test 
are given in table 2. 

Generally low abrasion losses were _ob- 
tained on all the negative-spot asphalts pre- 
pared from the midcontinent petroleums. 
Of the materials from this source, No. 21, 
made from Kentucky-Illinois petroleum and 
reported as probably blown, had the lowest 
loss in abrasion, 0.03 grams, after 8 hours 
of oven weathering. More typical abrasion 
losses on materials from this field were 
those obtained from Arkansas No. 20, Kan- 
sas No. 31, and Kentucky or Illinois No. 
35. They were 0.18, 0.64 and 0.17 grams, 
respectively. The highest losses for the 
negative-spot materials from the midcon- 
tinent petroleum area were 1.17 for Ken- 
tucky or Illinois No. 28, and 1.36 for Kan- 
sas No. 32. 

Very high losses were obtained on the 
highly cracked midcontinent materials Nos. 
11 and 12 from Kentucky, and No. 30 from 
Kansas. The loss on No. 11 after 8 hours 
of weathering was at the rate of 7.31 grams, 
on No. 12, 8.19 grams, and on No. 30, 8.01 


Table 5.—Weathering-strength test results on asphalt cements 








Compressive strength at 77° F. after weathering for— 
























| Tests on original | 
asphalt 
Identification and source of asphalt iia: 
Oliensis tration 
spot test at 
77° F 
IIIS ns od occu cc stew clean Negative. 54 
Mn: ol MM rahe: ada cere athe prataraliere wonet antes eS ae 90 
Me NE crocs Gos hcrereaceitatacd cso do, 131 
es FINN «5.0 So acelordinin oieeateva covatt + Se 51 
5. Wrivioasty eed Gsiea eee ae Ae 88 
| sits wirn'ss Mss ww eo eainbie'e eS ee 138 
We, IN rao erie isis x arerececheew eee SME Sasori d 61 
8. aA bias Gass? weer da-ae sew blers ee 83 
9. _ ES Sea maaan ee eS 137 
10. DODS aca dcecedinan Faewneiat Positive . 92 
Be INE io adarcrw st a onsiv-ens.onewe% re 87 
pee aie rarities av salar w eRe oe 102 | 
A ee earn ener ee 95 | 
er oc. A attr eisarcvin'ee ard 8 ace ante Negative. 106 | 
15. I eee el ch arash Saiere ar sveneha lao Positive. 101 
Bi MIS <0 a.5 hiaic.ce dicts odes wari Negative. 110 
Rg I fang oso ae ia la wialeininta-e-a'e Positive. . 97 
18. i geet, OES SIRI is eat Dame Negative. 105 
Bee MRI coo acdc  Giscave scmmdiate CO = eee 96 
20. og ET ere eee > 98 
21. Kentucky and Illinois !. ........ ee 105 
ae Ee re 100 
28. Bermudes LAKG. ...i ccs .ec cece: 102 
pM OS ee renee 89 
25. Field sample, Rhode Island 65 
26. Field sample, Virginia...... 89 
. oe” a eer 64 
28. Kentucky and Illinois. ee 93 
Bee CNA «6 Fence a sawn ods 102 
BO, I ase h fess 0s a Eee 75 
31 Do 75 
32 Do 76 
33. Wyoming 85 
34. Kansas bare 87 
35. Kentucky or Illinois............ wis 89 
36. Field sample, Virginia........... «polis. 67 
a Ee =" ae 100 
39. Field sample, Rhode Island...... eee 67 
re ee 86 
41. RE ae a ey eee ..do. 67 
Woe SMM gril gcc gct cieis dun wwe es wliare te 2 ae 68 
43. En eat es ae eee ..do. 90 
44 arava ccc bh erratitid cw Sates eres era ai ..do. 132 
Me Mr) 53s a nb hase Kee Owe SEN Sik 94 
he es ey 54 
BF pS seein winleiews sivivis vials oe 89 











1 hour | 2 hours | 3 hours | 4 hours | 6 hours | 8 hours 
| 
P24. Pat. P.s.i. P28. Pad. P.s.i. 
72 136 199 264 323 351 
41 SOE icine /<cteaes et eee 352 
24 53 129 176 222 257 
63 i A ee ree J eee 209 
34 es | haar nee ae 191 
21 37 58 89 123 145 
62 88 115 129 142 144 
40 . A) Eee at Cee ee: 117 
19 37 49 76 100 111 
14 18 20 21 22 29 
115 111 45 46 50 47 
115 111 45 oe Cee 46 
33 a eee kt eee 116 
33 od ee Se Soo 180 
31 ot eee Be Fvthsv-ccinte 131 
21 2 aoe Le eee 162 
49 73 110 ‘3 Goer 146 
29 48 78 dt Seer 156 
18 33 50 63 96 119 
18 30 48 55 89 97 
14 oS ere ie eee 62 
41 51 89 132 151 191 
47 call Cee oe 170 190 210 
46 94 169 241 290 319 
32 59 87 112 146 191 
25 42 62 90 132 158 
60 86 118 135 152 174 
38 Cc ff See | | a err 138 
31 U8 Gece sn dy Cee 342 
128 Be Bed Sens i Serre 102 
43 74 132 
29 59 149 
27 48 144 
29 54 132 
26 44 123 
47 oo dit CEO RE dah Cee 250 
20 ie SS dt CE 284 
29 a ee 2 ee 237 
36 ot eee BES Us cvaierewo 169 
24 et Pee iD) eee ee 138 
39 dt CCR eee ap BEI 154 
| 16 fh ee ee DR 117 
15 ee | as 100 
| 18 | Hai ~~ eaenee rs 101 
44 ae nee call Coe rie 177 
| 19 3 ee __ 8 nae 115 























1 Probably blown. 
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Figure 4.—Weathering-compressive strength test results, asphalt cements. 
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HOURS WEATHERED IN OVEN AT 325°F. 


Figure 5.—Results of weathering-compressive strength test showing effect of source of 
crude and the penetration of the original asphalt. 


grams. The loss on the highly cracked ma- 
terial, No. 30, may be compared with the 
loss of only 0.64 grams on No. 31, a nega- 
tive-spot material from the same source. 
The loss on Nos. 11 and 12 may be compared 
with the loss of only 0.17 on No. 35, and a 
loss of 0.62 on No. 47, negative-spot ma- 
terials from a similar crude. 

From sources other than midcontinent 
fields the results are not so consistent. The 
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Trinidad and Bermudez asphalts and the 
negative-spot California asphalts had com- 
paratively high abrasion losses, while some 
of the other negative-spot foreign and do- 
mestic asphalts had relatively low losses. 
The two slightly cracked materials, show- 
ing positive spots—No. 15 from Mexico and 
No. 17 from Venezuela—had high abrasion 
losses as compared with the negative-spot 
materials No. 14 and No. 18 from the same 


respective crude oils. 
between negative- and positive-spot mate- 


Typical differences 








rials are shown in figure 1. 

There is some indication that, in gen- 
eral, the abrasion losses are somewhat 
higher for the more viscous grades of as- 
phalts from a given crude’than for the 
softer materials. This is shown by the 
abrasion losses obtained on the Venezuela 
materials Nos. 4, 5, and 6, and the Kansas 
materials Nos. 7, 8, and 9. In the Cali- 
fornia group, materials Nos. 1, 2, and 3, the 
No. 3 asphalt, the least viscous of the three, 
does not conform to this general relation 
as the abrasion loss for this material is 
somewhat higher than that for the more 
viscous materials, Nos. 1 and 2, from the 
same source. 





Abrasion Test on Liquid Asphaltic 
Materials 

The results of abrasion tests on a limited 
number of liquid asphaltic materials are 
given in table 3. The same relation between 
positive- and negative-spot materials with 
respect to abrasion loss was obtained with 
cutbacks and slow-curing asphaltic mate- 














rials as was found in the results of tests on_ 


the paving asphalts. A positive-spot RC-4 
cutback (No. L-3) made from a Kansas 
crude had a loss of 6.26 grams after 8 hours 
of weathering compared with losses of 2.32 
and 1.96 grams on two negative-spot RC-4 
materials (Nos. L—-1 and L-2) from the 
same source. In the case of MC—4 mate- 
rials from Kansas, the positive-spot mate- 
rial No. L-6 had a loss of 6.12 grams while 
the negative-spot materials, Nos. L—4 and 
L-—5, had losses of only 1.02 and 0.36 grams, 
respectively. No. L—7, a negative-spot SC-4 
material from Michigan, had a loss of only 
0.68 grams whereas No. L-8, a positive-spot 
SC-—4 material from the same source, had 
a loss of 34.25 grams. These relations are 
shown graphically in figure 2. 





Losses from Slow Weathering 

As stated before, some work has been done 
to correlate the abrasion losses from mix- 
tures weathered rapidly at 325°F., with 
those from mixtures weathered slowly at 
140°F. Two different methods were used 
in the slow-weathering study: (1) Conven- 
tional weatherometer with carbon-arc 
lamps, a rotating shelf, and an air-control 
system to maintain the interior tempera- 
ture at 140°F.; and (2) an electric oven 
with mechanical convection and temperature 
control. 

The abrasion losses resulting from weath- 
ering in the oven at 140°F. and those re- 
sulting from exposure in the weatherometer 
are given in table 4 and plotted in figure 3. 
These comparative tests were made on 11 
materials. Weathering periods of 64, 192, 
and 400 hours were used. 

In general, higher abrasion losses Tre- 
sulted from weathering in the weathero- 
meter than from weathering in the oven 
at 140°F. No. 11, a severely cracked ma- 
terial, was an exception in that oven weath- 
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ering at 140°F. caused very much higher 
abrasion loss than did weathering in the 








asphalts prepared from the midcontinent 
petroleums. 
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is shown in figures 4 and 5. Table 6 and 
weatherometer. Also, in the case of No. 2. Of the negative-spot domestic asphalts figure 6 give similar data for the liquid as- 
14, a negative-spot material from Mexico, included in this investigation, the California. phaltic materials included in this study. 
somewhat higher loss occurred in the materials gave, in general, the higher abra- The compressive strength of the test spe- 
oven than in the weatherometer after 192 sion losses. 1 game Saintes ~ ¢imens, except those containing highly 
hours of exposure. In the case of material 3. The Ppositive- -spot asphalts were found cracked asphalt, increased with increased 
No. 28, oven weathering produced a higher to have high abrasion losses_ ‘compared. to time of weathering up to 8 hours, the 
loss than did the weatherometer at 64 hours the non-cracked materials from the same longest period of weathering used. The 
and 192 hours, but the losses by the two source. Generally, the amount of loss varied _ test specimens containing the highly cracked 
methods of weathering were the same at 400 directly with the degree of cracking. asphalts, Nos. 11, 12, and 30, decreased in 
hours of weathering. ~ 4. On the basis of results of the abrasion strength after the first hour of weathering 
; Less satisfactory differentiation between test, a direct comparison of materials from until, after weathering for 3 or 4 hours, 
cracked and-uncracked materials was ob- different sources is not warranted, as the they reached a_ substantially constant 
5 tained by weathering at 140°F. in the abrasion loss of a negative-spot material strength. The only other highly cracked 
weatherometer than by weathering in the from one source may be higher than that asphalt cement tested, No. 10 from Kansas, 
oven at 325°F. For the positive-spot ma- of a positive-spot material from a different differed from these in that it gave consider- 
terial No. 17 and the negative-spot mate- source. On the other hand, the abrasion ably lower strength results and showed some 
rial No. 18, both from the same source, the test appears to indicate quite accurately slight increase in strength with increased 
losses in abrasion for oven weathering at differences in quality that are due to vari- weathering. Mixtures containing the as- 
325°F. for 8 hours were 1.47 and 0.23 grams, ous manufacturing procedures where com-_ phalts that showed positive spots but were 
d respectively (see table 2); while for weath- parisons are between materials from the only slightly cracked, Nos. 13, 15, and 17, 
e ering in the weatherometer for 400 hours, same source. showed increase in strength with increased 
n the losses were 1.09 and 0.97 grams (table 5. The results of the abrasion test made exposure. No. 20, an uncracked asphalt 
h 4). with specimens weathered in an oven at from Arkansas, showed a relatively low in- 
h Weathering in this particular type of 325°F. are more informative than when crease in strength with weathering as did 
= weatherometer results in a rapid surface- the specimens are weathered in an oven or No. 21 from Kentucky and Illinois, a mate- 
n_ hardening effect on the test specimens with in a weatherometer at 140°F. rial reported as probably blown. 
4 very slow hardening below the immediate 7 For the uncracked materials, the source 
1s surface. The rate of abrasion loss at the The Weathering-Strength Test of the crude from which the asphalt was 
rs immediate surface would therefore probably Compressive strengths of the weathered obtained is shown to have a major effect 
32 be very high, while the rate of loss from specimens are given in table 5. The effect on the rate of increase in strength on 
-4 the mixture below the surface would be of time of weathering at 325°F. on the com- weathering of the mixture. The California 
ne comparatively low. 
e- Slow weathering in the oven at 140°F., 2 
e- up to 400 hours, also failed to differentiate ~ 200 T 
le satisfactorily between the cracked and non- & | 
nd cracked materials. Only in the case of No. & | | NEGATIVE 
IS, 11, a very highly cracked material, is this °° | | — 
—4 property of the material definitely shown. % | ¥ KANSAS MC-4 
ly With the Venezuelan asphalts, the positive- a 
ot spot material No. 17 showed a lower loss 2 
ad (0.25 grams) after 400 hours in the 140°F. * 5 iL-2 Pe 
re oven than did the negative-spot material a sill 
No. 18, (0.84 grams) after the same ex- -, J 
posure. Indications are that weathering in 
the low temperature oven is not severe. F 
“sa enough to bring out differences in the hard- ,, L-3 
4 ening properties of the asphalts within a B or L-6 POSITIVE 
reasonable period of weathering. yw P sine 
at The following is a summary of the abra- 2 oe : 4 — 
sed sion test results as discussed above: o Yee /9 6 a 6 8 
en 1. Jaheeeh: eoometsiinis ine shin HOURS WEATHERED IN OVEN AT 325°F 
ne losses were obtained on the negative-spot Figure 6.—Weathering-strength test results, cutback asphalts. 
ie Table 6.—Results of weathering-strength test on cutback asphalts 
aad Tests on the distillation residue | Compressive strength at 77° F. after weathering for— 
ith- Residue from thin-film | 
re- Identification and source of asphaltic ven test | 
material : Se. ee eta SOA 
ter Oliensis spot test | Pene- | Ductil- | Soften- 1 hour | 2 hours | 3 hours | 4 hours | 6 hours | 8 hours 
tration | ity at ing Pene- Ductil- | Soften- 
2 3. at 77°F. | point | tration | ity at | ing 
‘1 a S: = 77° F. point 
92, | Revere Meme toot GPRM ENG aero Sree: ot a 
Cm Te Cm. o/7 Pas: P.8.i P.8:4 Pas P06 P84 
~ it. hae eS) eee - Negative a 78 170 123 46 90 137 23 51 95 112 135 1 
BGG i Sek as 50 ha Seb ass 25 cht Mc Sob -5 Gah 82 130 124 46 15 144 26 51 75 89 102 111 
or0- 13. ahha ta ows oe ae eee ia—«....... 95 132 114 33 | 42 134 27 39 37 32 34 36 
33 errs Negative....... 196 90 124 74| .164| 124 3 13 36 55 86 109 
ven L-5. aise <ha a.s sche + = went a= hal a CE Dn sei 246 70 126 90 | 81| 126 7 24 47 59 81 99 
ain REE RAE Positive !....... 158 80 126 51 | 99 | 126 | 10 15 20 22 24 22 
ath- ' Highly cracked. 
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Table 7.—Tests on asphalt recovered from oven-weathered cylinders,’ and abrasion and 
compressive-strength tests of molded specimens 























Tests on asphalt recovered from ee ee 
weathered cylinders weathering at 325° F. 
Identification and source of asphalt Rann dan 

(and original penetration) ing Compres- 
yay Duetility | Softening Abrasion sive 

77° F. at 77° F. point loss strong 

Hours Cm. oF, Grams | Lbs./sq. in. 

i 40 250 + 138 0.45 41 
pe) ee 2 19 93 151 67 84 
4 10 5 184 .87 208 
8 4 0 228 .93 352 
1 39 37 141 .07 34 
ee 2 25 7 162 13 54 
4 17 3 192 25 118 
8 1l 2 250 43 191 
1 36 7 e- Buvdevesecs 40 
eS ee ae 2 26 4 ES) Se ae 69 
4 20 3 212 .25 103 
8 14 1 267 .30 117 
; 1 39 23 148 .05 33 
Dee Ey CUP ED sw oe itvccncnccutosws 2 29 8 165 13 60 
q 20 4 187 31 120 
8 11 0 260 .50 180 
1 34 5 160 .19 31 
eee 2 24 3 189 .37 64 
4 16 2 249 .63 93 
8 9 1 325 1.06 131 
1 70 37 132 .O1 14 
21. Kentucky and Illinois (105-pen.)......... 2 58 14 140 .02 25 
4 40 5 160 .O1 44 
8 31 3 190 .03 62 
1 39 48 139 -26 38 
28. Kentucky or Illinois (93 pen.)........... 2 23 6 159 -42 72 
4 17 4 179 .74 115 
SH. ‘Biivdionssemebsakesaisle tieeemens sian i. 138 
. 1 33 140 133 36 31 
20. Californian (102 pen.) ..... cc sccccceseres 2 17 17 151 .70 100 
4 10 4 178 .86 189 
1 12 5 160 2.38 128 
30. Kansas (75 pen.) (highly cracked). ...... 2 8 1 190 3 .57 118 
4 4 0 251 4.92 92 
1 32 5 160 .13 43 
Bee eee 2 23 3 186 .30 74 
4 17 2 217 .48 104 
1 43 18 140 .49 29 
ek I CUE A i ones c sr cendeereveees 2 29 5 160 .67 59 
4 21 3 185 .97 116 
: 1 37 16 141 .49 27 
rrr 2 27 6 155 .62 48 
4 18 3 184 ane 122 
1 40 10 146 .10 29 
ee SP OD WUD sé ccc sc ccssecees vewaeed 2 28 4 165 31 54 
4 21 3 191 .33 95 























1 2- by 2-inch molded cylinders oven-weathered at 325° F. 


asphalts, Nos. 1, 2, 3, 24, 29, and 37, had 
the highest rate of increase in strength 
during weathering and the highest strength 
after 8 hours of weathering. The asphalts 
from some of the midcontinent fields gave 
comparatively low strength values after 8 
hours, while the foreign materials gave 
strength values between those of the mid- 
continent and California asphalts. 

The strength curves differ with differ- 
ences in penetration of the original asphalt. 
In general, the more viscous materials from 
a given source gave somewhat higher 
strengths after weathering than did the 
less viscous ones. This is illustrated in 
figure 5 where the strength of the groups 
of California, Venezuela, and Kansas as- 
phalts each show increased strength with 
decreasing penetration. 

In table 6 and figure 6 are shown the 
weathering-strength test results on mix- 
tures containing cutback asphalts MC—4 and 
RC-4. Very low weathering-strength curves 
were obtained for the highly cracked ma- 
terials L-3 and L—6 as compared to the un- 
cracked materials. 

The following is a summary of the weath- 
ering-strength test results as discussed 
above: 

1. Mixtures containing uncracked as- 
phalts increased in strength for increasing 
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periods of oven weathering up to 8 hours, 
the maximum period of weathering used in 
this investigation. 

2. There was a wide difference in the 
rate of increase of strength and in the 





strength after 8 hours of oven weathering 
for asphalts from the various sources. 

3. Three mixtures containing cracked as- 
phalts attained relatively high strength in 
the early weathering periods and then de- 
creased in strength as the weathering period 


was increased to 3 or 4 hours. A fourth 
cracked asphalt with a somewhat lower 
zylene equivalent (Kansas No. 10) had a 
low strength after 1 hour of weathering 
and thereafter showed only slight increase 
in strength for longer periods of weather- 
ing. 

It has been shown that the abrasion loss 
and the strength of molded Ottawa sand 
and asphalt mixtures, when weathered for 
various periods of time, differ widely de- 
pending on the source of the asphalt and 
the method used in its manufacture. In 
order to determine if this difference in 
abrasion loss and strength is a measure of 
the difference in hardness of the contained 
asphalts, the following study was made. 


Tests on Recovered Asphalts 


In order to determine the changes in the 
characteristics of the asphalts after various 
periods of weathering, a number of the 
asphalts included in this study were ex- 
tracted and recovered from test specimens 
weathered by the same method used in the 
compressive-strength test. To do this, a 
number of specimens were made for each 
weathering period to allow extraction and 
recovery of a sufficient amount of the as- 
phalt to permit determining the penetra- 
tion, ductility, and softening point of the 
materials at the various weathering periods. 
The Abson test method was used in re- 
covering the asphalt. The results of tests 
on the recovered asphalts are given in table 
7, together with the results of the abrasion 
and compressive-strength tests for the same 
periods of weathering. 
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PENETRATION OF RECOVERED ASPHALT AFTER 
OVEN WEATHERING OF THE MIXTURES AT 325°F. 


Figure 7.—Relation of the loss in the abrasion test to the penetration of 
the asphalts recovered from oven-weathered, 2 by 2-inch cylin- 


drical specimens. 
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PENETRATION OF THE RECOVERED ASPHALT AT 77° F. 
Figure 8.—Weathering-compressive strength test results. Relation between compressive strength and penetration of the recovered 
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REDUCTION IN PENETRATION OF THIN-FILM RESIDUES, PERCENT OF ORIGINAL 


Figure 9.—Comparison of the reduction in penetration of thin-film residues with the reduc- 
tion in penetration of asphalts recovered from oven-weathered mixtures. 


On account of the differences in dimen- will occur in a given time in the weather- 


sions of the specimens, it is not to be ex- ing-strength specimens will be the same as 
pected that the amount of hardening that that which occurs in the abrasion speci- 
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mens. However, it is reasonable. to assume 
that the rate of hardening will follow the 
same general trends in both types of test. 

In figure 7 is shown, for typical mate- 
rials, the relation between abrasion loss 
and the penetration of the asphalt recovered 
from the weathering-strength specimens. 
Table 7 shows that the hardness of the re- 
covered asphalt—that is, the reduction in 
penetration and increase in softening point, 
increases with length of weathering. Both 
table 7 and figure 7 show that the abrasion 
loss increases as the penetration of the re- 
covered asphalt decreases. The Kentucky 
and Illinois asphalt, No. 21, which had the 
least abrasion loss of all the materials 
tested, also showed the least hardening as 
evidenced by the penetration and softening 
point of the recovered asphalt. Other ma- 
terials, such as Kansas No. 8, Venezuelan 
No. 5, and Mexican No. 14, which had low 
abrasion losses, also showed low rates of 
hardening up to 8 hours of weathering. In 
the case of the highly cracked asphalt No. 
30, the asphalt hardened rapidly and had 
very high losses in the abrasion test. 

It is evident that the abrasion loss is 
related to the consistency of the contained 
asphalt and that either may be used to de- 
termine the relative resistance of asphaltic 
materials to hardening. 


Effect of Consistency 


Figure 8 shows the compressive strength 
of the weathered specimens plotted against 
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Table 8.—Results of thin-film oven tests on asphalt cements 
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1Percent of original penetration. 


the penetration of the contained asphalt 
after various periods of exposure. It is 
of interest to note that, in general, the 
points for most of the asphalts are close to 
one ‘curve, indicating that the compressive 
strength varies inversely as the penetration 
of the contained asphalt. An exception to 
this is the highly cracked asphalt No. 30. 
At the end of 1 hour of weathering the 
penetration of this asphalt had been reduced 
to 12 from an original value of 75 and fur- 
ther weathering reduced both the penetra- 
tion and strength. The highly cracked as- 
phalts, No. 11 and No. 12, were not re- 
covered from the weathered mixtures but 
it is probable that for these materials the 
trend of the relation between retained pene- 
tration and strength would be similar to 
that for asphalt No. 30. 

The slightly cracked asphalt, No. 15, gave 
increased strength as the penetration de- 
creased, although the rate of increase was 
slightly lower than for the uncracked mate- 
rials. Of the uncracked materials, Cali- 
fornia asphalt No. 2 had the lowest pene- 
tration and the highest strength after 8 
hours exposure, these being 4 and 352, re- 
spectively. Asphalt No. 30, a highly cracked 
asphalt, had a penetration of 4 after 4 
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Table 9.—Comparison of the penetrations of asphalts after the thin-film oven test with 
the penetrations of the same asphalts recovered from mixtures after weathering 
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‘}-inch film exposed at 325° F. for 25 hours. 


hours exposure but had a strength of only 


92 pounds per square inch. This would in- 
dicate that the highly cracked materials be- 


come brittle or fragile and lose their co- 


hesive properties to a greater extent than 
do the uncracked materials. 
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Figure 10.—Comparison of softening point of thin-film residues with the softening point of asphalts recovered from oven-weathered 


There is a wide difference in the amount 
and rate of hardening of the various as- 
phalts included in this study. Some of the 
midcontinent asphalts had higher resistance 
to hardening than did some of the asphalts 
from the higher asphaltic-base crudes. The 
retained percentages of original penetra- 
tion after 1 and 8 hours of weathering were 
44 and 4, respectively, for California No. 2, 


mixtures. 


44 and 12 for Venezuela No. 5, 43 and 17 
for Kansas No. 8, 37 and 10 for Mexican 
No. 14, and 67 and 29 for Kentucky and 
Illinois No. 21. 

After weathering 1 and 4 hours, the per- 
centage of original penetration retained by 
some of the other asphalts were as follows: 
For Kansas No. 30, a highly cracked mate- 
rial, 16 and 5, respectively; for uncracked 


Kansas material No. 32, 57 and 28, re- 
spectively; and for Mexican No. 15, slightly 
cracked, 34 and 16. 

The results of a previous study‘ show 
that the physical properties of a given mix- 





The effect of characteristics of asphalts on physical 


properties of bituminous mixtures, by H. Lewis 
and J. Y. Welborn. Pusiic Roaps, vol. 25, No. 5, 
Sept. 1948. 
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Figure 11.—Comparison of ductility of thin-film residues with the ductility of the asphalts recovered from oven-weathered 
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mixtures. 
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ture are dependent upon the consistency of 
the contained asphalt at the test tempera- 
ture. The results of the present work sub- 
stantiates these earlier findings. 

The results of the tests on the recovered 
asphalts from the test cylinders after weath- 
ering are summarized as follows: 

1. There is a wide difference in the re- 
sistance of asphalts to hardening depending 
on the source of the crude petroleum from 
which the asphalt is obtained and the 
method of refining. 

2. In general, the abrasion loss is de- 


. pendent upon the consistency of the con- 


tained asphalt. 

3. For the uncracked asphalts and those 
only slightly cracked, the compressive 
strength of the mixtures varied inversely 
as the penetration of the contained asphalt 
without regard to the source of the asphalts. 

4. For the highly cracked asphalts, the 
relation between the compressive strength 
and the hardness of the contained asphalt 
is different than for the uncracked asphalts. 


Behavior Dependent on Hardening 


The foregoing studies of the abrasion and 
weathering-strength tests clearly show that 
the behavior of asphaltic materials in these 
tests is dependent largely upon the rate 
and amount of hardening that occurs dur- 
phalt mixtures to heat and air. Since both 
tests are time-consuming and require the 
control of many variables involved in their 
test procedures, they are not well suited for 
use as ion té Previous studies 
of the hardening properties of asphaltic 
materials have shown that the thin-film oven 
test also can be used to show the rate of 
change in asphaltic materials when sub- 
jected to heat and air. Therefore, a study 
has been made to determine the correlation 
that may exist between the results of this 
test and the results of the abrasion and 
weathering-strength tests. 

















Thin-Film Oven Tests 


Thin-film oven tests were made on most of 
the asphalts used in this study in order 
to compare the characteristics of the resi- 
dues obtained by this method of direct ex- 
posure of the asphalts to the characteristics 
of the asphalts after exposure in mixtures. 
The results of the thin-film oven tests are 
given in table 8, together with the test re- 
sults on the original asphalts. In most of 
the previous work, the thin-film oven test 
has been made on a 50-milliliter sample of 
asphalt in an aluminum pan 5.5 inches in 
diameter, the film being exposed in an oven 
for 5 hours at 325°F. The same control 
is used as for the standard test for loss on 
heating. In order to produce greater changes 
in the asphalts by the thin-film oven test, 
which would be more comparable to the 
changes occurring during weathering of 
the mixtures, some of the asphalts used in 
this study were also exposed in the thin- 
film oven test for 24 hours. A detailed de- 
scription of the method used for the thin- 
film oven test is given on page 202. 

Comparisons of the reduction in pene- 
tration of the 5-hour and the 24-hour thin- 
film residues with the reduction in pene- 
tration of the asphalts recovered from the 
Ottawa sand and asphalt mixtures weath- 
ered for 1, 2, 4, and 8 hours are shown in 
figure 9, which presents the reduction in 
penetration as a percentage of the original 
penetration by the two methods of exposure. 
There is some dispersion of the points from 
the average curves for the 5-hour thin-film 
residues which may be accounted for by the 
wide difference in the severity of the two 
methods of weathering. The points for the 
1-hour weathering period fall fairly close 
to the straight line, indicating that the 
amount of hardening produced by the two 
methods of exposure are in the same order. 
The comparision for the 24-hour thin-film 
residues in general is better than for the 
5-hour thin-film test. It is of interest to 
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PENETRATION OF ASPHALTS RECOVERED FROM MIXTURES 
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Figure 12.—Comparison of penetration of 
asphalt recovered from mixtures exposed 
to ultraviolet light and outdoors with the 
penetration of the thin-film oven test. 


note that the percentage reduction in the 
penetration of the asphalt from the 24- 
hour thin-film oven test is almost identical 
with the percentage reduction in penetra- 
tion of the asphalt recovered from the mix- 
ture after weathering for 2 hours. It is 
apparent from the above comparisons that 
both methods of exposure give comparable 
results as to the hardening properties of 
asphalts. 

Comparisons of the softening points of 
the residues after the 5-hour and the 24- 
hour thin-film oven tests with those of the 
asphalts recovered from the weathered mix- 
tures are shown in figure 10. As for the 
penetration data, this figure shows that 
changes in the asphalts as measured by the 
softening point, in general, are in the same 
order for the two methods of exposure. 
Here also the softening points of the resi- 
dues from the 24-hour thin-film oven test 
are approximately the same as for the same 


Table 10.—Comparison of the residues from the thin-film oven test with the recovered asphalts from the Shattuck mixing test 
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enetration |____ aL: wind 
Identification and source of asphalt ped pm 
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1}-inch film exposed at 325° F. for 5 hours. 


198 


2 Percent of original penetration. 


3 Reported in PUBLIC ROADS, vol. 22, No. 2, April 1941. 
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PENETRATION RETAINED AFTER 
THIN- FILM OVEN TEST 


Figure 13.— Comparison of the 
penetration retained after the 
thin-film oven test and the Shat- 
tuck mixing test. 


asphalts recovered from the 
weathered for 2 hours. 

Figure 11 compares the ductility of the 
5-hour and 24-hour thin-film residues with 
the ductility of the asphalts recovered from 
the weathered mixtures. Because of the 
inherent high ductility of the California as- 
phalts, Nos. 2 and 29, and their abnormally 
large change in ductility with a small change 
in penetration, their values were omitted. 
With the exception of those asphalts, figure 
11 shows a similarity in changes in ductility 
resulting from the two methods of exposure. 

The above comparisons of penetration, 


mixtures 


Preparing the mixture 


Standard Ottawa sand (No. 20-No. 30), 
as specified in standard method of test for 
tensile strength of hydraulic-cement mor- 
tars, A.S.T.M. Designation C 190, is used. 
In testing penetration grade asphalts, the 
sand is heated to 325°F. in an oven before 
mixing, while for tests on liquid asphaltic 
materials the sand is dried but not heated. 
Sufficient asphaltic material for each batch 
is heated to the application temperature 
while being stirred to prevent local over- 
heating. The asphaltic material and Ot- 
tawa sand are combined in the proportion 
of 2 parts of asphaltic material to 100 parts 
by weight of sand. 
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softening point, and ductility of the as- 
phalts recovered from the oven-weathered 
mixtures and those obtained from the thin- 
film oven test, show that the heating of 
asphalts in relatively thin film, as in the 
thin-film. oven test, produces changes in 
their characteristics similar to those pro- 
duced by exposing asphaltic mixtures to 
the same temperature. 


Comparison with Other Tests 


Lang and Thomas°® studied the harden- 
ing properties of asphalt cements of the 
85-100 penetration grade by exposing mix- 
tures of Ottawa sand and these asphalts to 
the action of ultraviolet light and heat and 
to natural outdoor weathering. 

In the exposure to ultraviolet light, the 
procedure was as follows: 3,000 grams of 
prepared Ottawa sand and asphalt mixture 
were placed in a twin pug-mill mixer which 
rotated at a speed of 160 r.p.m. for 22 hours. 
During this time the mixture was exposed 
to ultraviolet light from a mercury arc in 
quartz. The temperature of the mixture 
was maintained at 180°F. during the ex- 
posure period. 

For the outdoor weathering, similar mix- 
tures were exposed for a period of 1 year. 
At the completion of the exposure periods 
the asphalts were extracted and recovered 
from the weathered mixtures by the Abson 
method. 

Lang and Thomas reported the results of 
thin-film oven tests made by the method 
which has just been described with a time 
of exposure of 25 hours. The results of 
the tests on the asphalts recovered from the 
mixtures exposed to ultraviolet light and 
outdoors and the results of the 25-hour 
thin-film oven test are given in table 9. 

Comparison between the penetration of 
the thin-film residues and the penetration 
of the asphalts recovered from mixtures 


5 Laboratory studies of asphalt cements, by Fred C. 
Lang and T. W. Thomas. University of Minnesota 
Engineering Experiment Station Bulletin No. 15, Nov. 
1939. 


ABRASION TEST PROCEDURE 


Application temperatures used for the 
various asphaltic materials are: 
Penetration grades 
Rapid-curing (RC), medium 
curing (MC), and slow- 


325°F. 


curing (SC) liquid as- 
phaltic materials 200°F. 
Emulsion 126°F. 


Each test mixture is prepared in a batch 
of sufficient size to produce 15 test speci- 
mens. In testing asphalt cement the batch, 
after mixing, is spread out in shallow pans 
to a depth of about one-half inch and al- 
lowed to cool to air temperature. The mixer 
and the cooling pans are shown in figure 
14. After cooling, 30 grams of the mixture 


after exposure to ultraviolet light and after 
weathering outdoors is shown in figure 12. 

The thin-film test for 25 hours exposure is 
shown, in general, to be somewhat more 
severe than either of the two methods of 
weathering used on the mixtures. All three 
test procedures show similar differences in 
the hardening properties of asphalts as in- 
fluenced by the source of the material and 
whether or not, or to what degree, they 
have been cracked in the refining processes. 
The authors concluded from these studies 
that the hardening produced by natural 
weathering is very similar to that produced 
by artificial heat, air, and ultraviolet light 
exposure. 

Another type of test for determining 
the relative resistance of asphalts to hard- 
ening is the Shattuck mixing test.° In this 
test, 1,880 grams of heated Ottawa sand 
are mixed with 120 grams of the asphalt 
to be tested for 1 minute in a laboratory 
pug-mill mixer under standard conditions 
of temperature. After mixing, the mixture 
is spread evenly in a shallow pan which is 
then placed in an oven at 350°F. for 30 
minutes. The mixture is then removed and 
allowed to cool to room temperature. After 
cooling, the asphalt is extracted (using 
benzol) and recovered by the Abson method. 
The recovered asphalt is then tested for 
penetration, ductility, and softening point. 

In a previous investigation’ a study was 
made of the Shattuck test and it was found 
that the alterations in the asphalt which 
take place in this test are very similar to 
those that take place in the 5-hour, thin- 
film oven test. The results of a more recent 
study are shown in table 10, in which results 
obtained with the Shattuck mixing test and 
the 5-hour, thin-film oven test are compared. 
It may be noted in figure 13 that the two 
methods of test gave similar results. 


6 Measurement of the resistance of oil asphalts 
(50-60 pen.) to changes in penetration and ductility 
at plant mixing temperatures, by C. L. Shattuck. 
Proceedings of The Association of Asphalt Paving 
Technologists, Vol. 11, 1940. 


7 First reference, footnote 1, p. 188. 


is placed in each of fifteen 2%-inch oint- 
ment tins, each of which is numbered 
serially. These tins are then placed in an 
oven at 325°F. to warm the mix for mold- 
ing. 

The tins, each with its 30 grams of mix- 
ture, are placed in the oven one at a time 
at 3-minute intervals. Molding is started 
after 9 minutes and continued at the rate of 
one specimen each 3 minutes so that the 
pre-heating time for each 30-gram lot is 
uniformly 9 minutes. 

In testing liquid asphaltic materials, the 
procedure is modified by a preliminary cur- 
ing of the loose mixture in the large shallow 
pans in an oven at 140°F. for 18 hours. The 
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Figure 14.—Mixer and cooling pans. 


subsequent cooling to air temperature, and 
the operations of weighing, heating, and 
molding are then carried out as described 
for the asphalt cements. 


Molding and weathering 


The test specimens are formed and tested 
in steel specimen cups having an inside di- 
ameter of 2 inches and a depth of % inch. 
A steel guide sleeve is provided to fit over 
the specimen cup during molding to retain 
the loose mixture and to center the com- 
pression plunger. Both the cup and the 
guide sleeve are warmed for 3 minutes in 
the 325°F. oven prior to being used in mold- 
ing each test specimen. 

The batch of exactly 30 grams of mixture, 
preheated for 9 minutes at 325°F., is quickly 
placed into the warm mold and compressed 
under a toad of 1,000 pounds per square 
inch maintained for 1 minute. The actual 
molding temperature of the mixture will be 
approximately 300°F. if this procedure is 
followed carefully. After molding, the 
specimens contained in their steel cups are 
permitted to cool to approximately 77°F. 
prior to being weathered in the oven. 
Figure 15 shows the special equipment for 
molding. 

Weathering periods of “4, 1, 2, 4, and 8 


hours are used. Three molded specimens 
are tested for each weathering period. Thus, 
15 specimens are required for the full test. 
These are placed in an 18-inch square oven 
pan 3 inches in depth, covered with a 1/16- 
inch mesh screen, and exposed in an oven 
at 325°F. The pan and screen eliminate 





variable air draft and thus provide more 
uniform curing conditions for the speci- 
mens. After oven curing or weathering for 
the desired period at 325°F., and cooling 
to room temperature, the specimens to- 
gether with the supporting cups are weighed 
and the weight is recorded. The specimens 
are then placed in the 77°F. air bath pre- 
paratory to being tested for resistance to 
abrasion. 


Abrasion machine 

Four thousand grams of lead shot, pass- 
ing the No. 10 and retained on the No. 14 
sieve, are used for each test unless a smaller 
amount causes sufficient erosion of the test 
specimen to expose the bottom of the re- 
taining cup. 

Figure 16 is a schematic drawing of the 
abrasion machine used in this study. It 
conforms essentially to the California de- 
sign. The critical dimensions are shown on 
the drawing. The rate of rotation of the 
test specimen is approximately 340 r.p.m. 
The lead shot is dropped at a rate of ap- 
proximately 2,000 grams per minute. The 
temperature of the test is controlled by 
placing the machine in an air bath in which 
the temperature is maintained at 77°F. 
Accurate temperature control is very im- 
portant. The shot is stored in the air bath 
between tests. 


Expressing abrasion loss 

The abrasion loss is normally reported 
on the basis of loss per 1,000 grams of shot 
after a total of 4,000 grams of shot have 
been dropped. However, the test should be 
stopped short of 4,000 grams of shot in the 
event that the abrasion has progressed 
through the specimen to expose the bottom 
of the cup. In such cases, the loss per 1,000 
grams is computed on the basis of the 
amount of shot dropped. The loss is de- 


termined to hundredths of a gram. Figure 
15 shows specimens at various stages of 
abrasion. 


Figure 15.—In the background, special molding equipment. In the foreground, empty cuP: 
freshly molded specimen, slightly abraded specimen, and highly abraded specimen. 
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WEATHERING-STRENGTH TEST PROCEDURE 


Preparing the mixture 
Two thousand grams of standard Ottawa 
sand (No. 20—No. 30) is required for each 
batch. Two batches are required for each 
' set of 18 specimens. For asphalt-cement 
mixtures, the sand is heated to 325°F.; and 
for liquid asphaltic mixtures, the sand is 
at room temperature. Sufficient asphaltic 
material for each batch, while being heated 
to the mixing temperature, is stirred to 
prevent local overheating. 








4 For mixing, the asphaltic materials are 
‘ brought to the following temperatures: 
t Penetration grades (asphalt 
. nen se 
RC or MC cutbacks ___. 200°F. 
e § Two thousand grams of sand and 80 
t — grams, or 4 percent, of asphalt material 
- [| are combined by mixing for about 2 minutes. 
| The second batch to complete the full set 
€ [| of specimens is prepared in the same man- 
1. ner. 
)- 
e — Curing the mixture 
y The prepared mixture, immediately after 
h mixing, is spread to a uniform depth in 
J pans 5.5 inches in diameter and % inch in 
a> depth, 200 grams of mix to each pan, and 
h the pans set aside to cool to room tempera- 
ture. 
For the asphalt-cement mixtures, the pans 
containing the loose mix are then placed in 
.d the 325°F. oven for one-half hour. This 
. is done at intervals of one every 5 minutes 
“a to allow time for molding. For the liquid 
‘i asphaltic mixtures, a preliminary curing 
ic period of 18 hours in a 140°F. oven is used 
ad prior to the half-hour curing described 
above. 
m 
00 Molding test specimens 
: Molding follows immediately after the 
a half-hour curing in the 325°F. oven. Mold- 
of 





up: 
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ing is done by the double-plunger method 
with the molds preheated in a water bath 
to approximately 180°F. Enough of the 
200 grams of mix (about 180 grams) from 
each pan is used to produce a cylinder 2 
inches in diameter and 2 inches in height. 
It is important that the pans be removed 
from the oven in the same order in which 
they were put into the oven. 


A molding pressure of 2,000 pounds per 
square inch is used and is held for 2 min- 
utes. The temperature of the mix will be 
approximately 260°F. at the time of apply- 
ing the molding load if the procedure is 
carefully followed. 

After molding, the bottom plunger is re- 
moved, a base plate is inserted and the 
specimen pressed to the bottom of the mold 
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Figure 17.—Base plunger, base plate, centering and retaining sleeve, molded specimen, assembled mold, specimen supported by sand, and 
pan with screen cover used in oven weathering. 
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against the top of the plate. The molding 
cylinders containing the molded specimens 
are then placed in a 77°F. air bath for 
about 16 hours. After cooling, the speci- 
mens, with the base plates adhering, are 
pressed out of the mold and placed in spe- 
cially prepared 6-ounce cans to undergo 
oven weathering. 

The 6-ounce cans are perforated with 
sixty-four 1/16-inch holes on the side. As 
the ‘specimens are placed in the perforated 
cans, Ottawa sand is filled in around the 
specimens in order to prevent their deform- 
ing during the period of heat-treatment in 
the oven. 


Scope 

The thin-film oven test is intended for 
the determination of the effect of heat and 
air on asphaltic materials when heated in 
thin films as hereinafter prescribed. The 
loss in weight, and a comparison of the 
penetration, softening point, and ductility 
before and after heating are used as a 
measure of the effect of this test on as- 
phaltic materials. For additional informa- 
tion of the changes that occur in the as- 
phaltic materials, solubility and Oliensis 
tests also may be used. 

While this test is prescribed primarily 
for asphalt cements, it may also be useful 
for cutback asphalts. For the latter ma- 
terial, the test should be made on the residue 
from distillation obtained by the standard 
method of test for cutback asphaltic prod- 
ucts, A.S.T.M. Designation D 402. 


Preparing the mixture 


Samples of the bituminous material, 50.0 
+ 0.5 milliliters in volume, are weighed 


Oven exposure 


The cans containing the specimens and 
reinforced with No. 20—No. 30 Ottawa sand, 
as described above, are then placed in an 
oven pan about 18 inches square and 3 
inches in depth, covered with a 1/16-inch 
mesh screen, and exposed in an oven at 
325°F. The pan and screen eliminate vari- 
able air drafts and thus provide more uni- 
form curing conditions for the specimens. 

Three specimens are required for each 
oven-weathering period. Weathering periods 
of 1, 2, 3, 4, 6, and 8 hours have been used. 
Each set of three containers with their re- 


THIN-FILM OVEN TEST PROCEDURE 


(weight calculated from specific gravity) 
into a tarred aluminum pan 5.5 inches in 
diameter and %-inch deep, with a flat bot- 
tom. A 650-milliliter sample in this size 
container gives a film thickness of approxi- 
raately one-eighth inch. Semisolid mate- 
rials should be heated to a fluid condition 
previously. If the material has been heated 
to facilitate transfer, the container and 
sample should be cooled to room tempera- 
ture. The weight should be determined to 
the nearest hundredth of a gram. 


Oven exposure 


An oven conforming to the oven specified 
in the tentative method of test for loss on 
heating of oil and asphaltic compounds, 
A.S.T.M. Designation D 6, is used, except 
that the circular shelf is constructed so 
that it will support one or more of the 
sample containers in a horizontal position. 

With the oven at 325°F., the sample in 
its container is placed on the circular shelf 


spective specimens are removed at the end 
of each oven-exposure period and placed in 
the 77°F. air bath prior to being tested in 
compression. Figure 17 shows the appar- 
atus used in this test procedure. 


Compressive strength 


After cooling to 77°F., the specimens are 
removed from the cans, the base plates re- 
moved, and adhering Ottawa sand and par- 
ticles brushed off. They are then tested in 
compression at a unit deformation rate of 
0.1 inch per minute. The compressive 
strength and the deformation at the point of 
maximum strength are recorded. 


in the oven and the shelf is rotated at a 
rate of 5 to 6 r.p.m., for 5 hours. At the 
conclusion of the heating period, the sample 
is removed from the oven, cooled to room 
temperature, and weighed to the nearest 
hundredth of a gram. The loss due to heat- 
ing is then calculated. 


Tests of residue 


The residue from the thin-film oven test 
is melted at the lowest possible temperature, 
mixed thoroughly, and transferred to a 3- 
or 6-ounce container as used for the 
A.S.T.M. penetration test. In order to pro- 
vide sufficient material for tests on the 
residue, it is often necessary to make the 
thin-film oven test in duplicate, in which 
case the residues are combined for testing. 
The thoroughly mixed residue is tested ac- 
cording to A.S.T.M. standard methods of 
test for penetration (Designation D 5), 
softening point (Designation D 36), and 
ductility (Designation D 118). 
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A lit of the more important articles in 
pusLic ROADS may be obtained upon request 
addres'ed to Bureau of Public Roads, Washing- 
ton 25. D. Cc. 


PUBLICATIONS 
of the Bureau of Public Roads 





The following publications are sold by the Superintendent 
of Documents, Government Printing Office, Washington 25, 
D. C. Orders should be sent direct to the Superintendent of 
Documents. Prepayment is required. 


ANNUAL REPORTS 


Work of the Public Roads Administration: 


1941, 15 cents. 1948, 20 cents. 
1942, 10 cents. 1949, 25 cents. 


Public Roads Administration Annual Reports: 

1943; 1944; 1945. (Free from Bureau of Public Roads) 
Annual Reports of the Bureau of Public Roads: 

1950, 25 cents. 1951, 35 cents. 1952, 25 cents. 


HOUSE DOCUMENT NO. 462 


Part 1—Nonuniformity of State Motor-Vehicle Traffic Laws. 
15 cents. 

Pait 2.—Skilled Investigation at the Scene of the Accident 
Needed to Develop Causes. 10 cents. 


Part 3.—Inadequacy of State Motor-Vehicle Accident Report- 
ing. 10 cents. 


Part 4.—Official Inspection of Vehicles. 10 cents. 
Part 5.—Case Histories of Fatal Highway Accidents. 10 cents. 
Part 6.—The Accident-Prone Driver. 10 cents. 


UNIFORM VEHICLE CODE 


Act I.—Uniform Motor-Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 15 cents. 

Act II.—Uniform Motor-Vehicle Operators’ and Chauffeurs’ 
Iicense Act. 15 cents. (revised 1952) 

Act III.—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 

Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 15 
cents. (revised 1952) 

Act V.—Uniform Act Regulating Traffic on Highways. 20 
cents. (revised 1952) 


Model Traffic Ordinance. 20 cents. (revised 1952) 


MAPS 


State Transportation Map series (available for 39 States). Uni- 
form sheets 26 by 36 inches, scale 1 inch equals 4 miles. Shows 
in colors Federal-aid and State highways with surface types, 
principal connecting roads, railroads, airports, waterways, 
National and State forests, parks, and other reservations. 
Prices and number of sheets for each State vary—see Super- 
intendent of Documents price list 53. 

United States System of Numbered Highways together with the 
Federal-Aid Highway System (also shows in color National 
forests, parks, and other reservations). 5 by 7 feet (in 2 
Sheets), scale 1 inch equals 37 miles. $1.25. 


United States System of Numbered Highways. 28 by 42 inches, 
Scaie 1 inch equals 78 miles. 20 cents. 


MISCELLANEOUS PUBLICATIONS 


Bibliography of Highway Planning Reports. 30 cents. 
Construction of Private Driveways (No. 272MP). 10 cents. 
Electrical Equipment on Movable Bridges (No. 265T). 40 cents. 
Factual Discussion of Motortruck Operation, Regulation, and 
Taxation. 30 cents. 
Federal Legislation and Regulations Relating to Highway Con- 
struction. 40 cents. 
Financing of Highways by Counties and Local Rural Govern- 
ments, 1931-41. 45 cents. 
Highway Accidents. 10 cents. 
Highway Bond Calculations. 10 cents. 
Highway Bridge Location (No. 1486D). 15 cents. 
Highway Capacity Manual. 65 cents. 
Highway Needs of the National Defense (House Document No. 
249). 50 cents. 
Highway Practice in the United States of America. 75 cents. 
Highway Statistics (annual): 
1945, 35 cents. 1948, 65 cents. 
1946, 50 cents. 1949, 55 cents. 
1947, 45 cents. 1951, 60 cents. 
Highway Statistics, Summary to 1945. 40 cents. 
Highways in the United States (nontechnical). 15 cents. 
Highways of History. 25 cents. 
Identification of Rock Types. 10 cents. 
Interregional Highways (House Document No. 379). 75 cents. 
Legal Aspects of Controlling Highway Access. 15 cents. 
Local Rural Road Problem. 20 cents. 
Manual on Uniform Traffic Control Devices for Streets and 
Highways. 75 cents. 
Mathematical Theory of Vibration in Suspension Bridges. $1.25. 
Principles of Highway Construction as Applied to Airports, 
Flight Strips, and Other Landing Areas for Aircraft, $2.00. 
Public Control of Highway Access and Roadside Development. 
35 cents. 
Public Land Acquisition for Highway Purposes. 10 cents. 
Roadside Improvement (No. 191MP). 10 cents. 
Selected Bibliography on Highway Finance. 55 cents. 
Specifications for Construction of Roads and Bridges in Na- 
tional Forests and National Parks (FP-41). $1.50. 
Taxation of Motor Vehicles in 1932. 35 cents. 
Tire Wear and Tire Failures on Various Road Surfaces. 10 
cents. 
Transition Curves for Highways. $1.50. 





Single copies of the following publications are available to 
highway engineers and administrators for official use, and 
may be obtained by those so qualified upon request addressed 
to the Bureau of Public Roads. They are not sold by the 
Superintendent of Documents. 


Bibliography on Automobile Parking in the United States. 
Bibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Land Acquisition for Public Roads. 
Bibliography on Roadside Control. 

Express Highways in the United States: a Bibliography. 
Indexes to PUBLIC ROADs, volumes 17-19 and 23. 

Title Sheets for PuBLIC RoapDs, volumes 24, 25, and 26. 
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com [ioe | ter] ie] Bt] dee] ie gg] Belge wt) ea] ge) ee 
har 7 : : " s ‘i ; ;70 m * :928 862. 
—— ae , om — aa 7 a i. = rahe 5 "7,672! 5,056 | 136.5 | 3286 78° toe 07.7 
na eatin . . ° ‘ 7 5.2 10,22! 19. ! " . 
District of Columbia 1,176 7,808 3, 66 6.0 83 2,21, 2.0 11 1B . pa ~ pe ity 9 
; mee 3,673 11,196 _ 5,322 o3 | 1,174 72 4.8 +— 13 ,899 6633 ee 26 |___ 123527 106.8 
TOTAL 283,470 729,350 | 381,076 |13,234-9 | 362,645 | 186,555 | 6,891-4 | 1,378,636 | 698,506 |13,339.0 | 2,170,631 1,266,137 |33,U65.3 
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